Objectives-Ultrasonography (US) has been considered to have a more limited role in the diagnosis of pyriform sinus fistulas than computed tomography. The aim of this study was to evaluate the US characteristics of pyriform sinus fistulas involving the thyroid gland in an attempt to improve our ability to diagnose this condition using US.
A pyriform sinus fistula is a congenital anomaly of the opening of the third and fourth branchial pouches in the pyriform sinus. 1 It originates from the pyriform sinus and generally involves the upper lobe of the thyroid gland with or without connection to the neck space, so it often causes suppurative thyroiditis and may sometimes mimic thyroid disorders. 1, 2 In such cases, diagnosis of an underlying pyriform sinus fistula is challenging because of the rarity and lack of awareness of this entity, which accounts for less than 1% of all brachial anomalies. 3, 4 In a study of 44 patients in 2012, pyriform sinus fistulas were frequently misdiagnosed as simple neck abscesses or thyroid disorders, and the interval between symptom onset and diagnosis of a pyriform sinus fistula was on average greater than 7 years. 2, 5, 6 Depiction of the pyriform sinus opening is paramount for confirmation of an underlying pyriform sinus fistula involving the thyroid gland. Conventionally, esophagography and a suspension laryngoscopic examination have been used to verify the presence of a fistula opening. However, esophagography has low sensitivity; pediatric patients are poorly compliant with the procedure; and infants do not tolerate it at all, whereas a diagnostic suspension laryngoscopic examination requires general anesthesia. 1, 5 Recently, there have been reports of computed tomography (CT) as useful diagnostic modality, with sensitivity of up to 100% for prediction of the presence of a pyriform sinus fistula. 5, 7 However, given that a pyriform sinus fistula is a congenital anomaly that frequently involves pediatric and young adult patients, the radiation exposure associated with CT is an important diagnostic consideration. Furthermore, this imaging technique is not generally available in primary health care clinics, which may lead to delayed diagnosis. Therefore, ultrasonography (US) is usually preferred as the initial imaging modality in evaluation of most neck diseases in pediatric patients because of its widespread availability and safety. However, although recent case series have reported that US would be helpful in diagnosing pyriform sinus fistulas in pediatric patients because of the advantage of detecting the fistula or air bubble within the lesion without radiation exposure, US has been considered to be less useful for diagnosis of pyriform sinus fistulas because of its limited ability to depict a laryngohypopharyngeal lesion. [7] [8] [9] [10] Indeed, most reports on pyriform sinus fistulas have highlighted the diagnostic roles of esophagography and CT, with little mention of US findings. 6, 7, 11 Moreover, there are no established diagnostic US features for pyriform sinus fistulas.
We have noticed anecdotally that some US findings provide diagnostic clues that suggest the presence of an underlying pyriform sinus fistula in patients with suppurative thyroiditis or a thyroid nodule. In this study, we reviewed our experience with US findings in patients with pyriform sinus fistulas involving the thyroid gland with the aim of improving our ability to diagnose this condition using US.
Materials and Methods
The study protocol was approved by our Institutional Review Board, and the need for informed consent was waived in view of the retrospective nature of the study. Between 2005 and 2016, we investigated 20 patients with pyriform sinus fistulas presenting as suppurative thyroiditis or as thyroid nodules and confirmed by suspension laryngoscopic examinations under general anesthesia. The initial imaging studies used to screen for underlying pyriform sinus fistulas included US, enhanced CT, and barium esophagography. If there were any suspicious findings on the imaging studies, a suspension laryngoscopic examination under general anesthesia was performed to confirm a pyriform sinus fistula, and simultaneous chemocauterization of the fistula opening was performed as the primary treatment. Fourteen of the 20 patients underwent US examinations during the diagnostic process and were included in the study.
All US examinations were performed by 2 head and neck surgeons with 10 and 17 years of experience in US examinations of the head and neck region, respectively. These 2 surgeons also served as observers in this study. The US systems used during the study period were the HD3 (Philips Healthcare, Bothell, WA), HD7 (Philips Healthcare), and HS 70A (Samsung Medison, Seoul, Korea), each with a high-frequency, linear transducer (3-12 MHz). In addition, all patients underwent contrast-enhanced CT with a slice thickness of 3.0 mm.
The observers reviewed the US images together to identify characteristics indicating the presence of an underlying pyriform sinus fistula and compared them with the CT findings in each patient. Any discrepancies were resolved by discussion between the observers. Other than general US findings of inflammation and an abscess in an infected pyriform sinus fistula, which are nonspecific for a diagnosis of a pyriform sinus fistula, we focused on the following 4 findings that in our experience suggest an underlying pyriform sinus fistula: a hypoechoic tubular lesion across the thyroid gland, representing the tract of an underlying pyriform sinus fistula ( Figure 1 ); multiple hyperechoic foci or echogenic lines within the lesion, indicating the presence of air within the lesion and implying a connection between the lesion and the aerodigestive tract ( Figure 2) ; a hypoechoic rim at the boundary of the lesion, representing the striatal layer of the fistula tract in a cross-sectional view ( Figure 3) ; and a hypoechoic lesion emerging from the posterolateral aspect of the thyroid cartilage and corresponding to the location of the pyriform sinus, indicating that the lesion originated in the pyriform sinus (Figure 4 ).
Results
The mean patient age was 17.6 (range, 1-72) years. Six patients (42.9%) were male, and 8 (57.1%) were female.
The primary symptom was painful swelling of the anterior neck in 12 patients (85.7%) and odynophagia in 1 patient (7.1%); the remaining patient (7.1%) was asymptomatic, but a thyroid nodule was found incidentally on the US examination. The lesions were on the right in 2 patients (14.3%) and on the left in 12 patients (85.7%).
The upper third of the thyroid gland was involved in patients 9 (64.3%), the upper half in 4 patients (28.6%) patients, and the entire thyroid gland in 1 patient (7.1%). There were no cases of involvement of the middle or lower portion of the gland without involvement of the upper portion. Nine patients (64.3%) were found to have a hypoechoic tubular lesion across the gland. Hyperechoic foci or echogenic lines were found within the lesion in 10 patients (71.4%). The lesion was found to have a hypoechoic rim at the boundary in 7 patients (50.0%). The lesion was identified to be emerging from the posterolateral aspect of the thyroid cartilage in 4 patients (28.6%). Thirteen (92.9%) of the 14 patients had 1 of these 4 findings. 
Discussion
In most of the studies, the primary imaging modalities used to identify underlying pyriform sinus fistulas have been esophagography and CT, and US has been considered to have a minor role in identifying the relationship of the lesion with the thyroid gland or the presence of an abscess within the lesion. 7, 12 According to a recent retrospective study of pyriform sinus fistulas in 38 patients who underwent US examinations, the positive predictive value of US was only 7.9%. 12 However, none of the previous studies, including that study, established a set of US diagnostic criteria for pyriform sinus fistulas. Therefore, we attribute the low sensitivity of US in the diagnosis of pyriform sinus fistulas to a poor understanding of the US findings rather than a limitation of US per se.
The thyroid gland is very resistant to bacterial infection and is not in contact with the external environment, so acute inflammation is unlikely to occur unless there is an underlying abnormality. 13 Therefore, development of suppurative thyroiditis itself would be the most important diagnostic clue to suggest an underlying anomaly such as a pyriform sinus fistula. However, in terms of reading imaging studies, the presence of acute inflammation or an abscess in the gland or neck may hinder identification of an underlying pyriform sinus fistula. In this study, we focused on US characteristics that could indicate underlying pyriform sinus fistulas in patients with suppurative thyroiditis or thyroid nodules. In 64.3% of our patients, we identified a suspicious fistula tract crossing the thyroid gland and possibly entering the hypopharynx. This finding may be interpreted as a simple abscess tract on US in a patient with a neck abscess. However, considering that the thyroid gland is well encapsulated and would not be involved even in a deep neck infection, an abscess tract involving the thyroid gland strongly suggests an underlying fistula tract crossing the gland. Therefore, if a hypoechoic tubular lesion across the thyroid gland is detected on US, a suspension laryngoscopic examination can be performed to confirm and treat the fistula without additional imaging studies.
Multiple hyperechoic foci or echogenic lines within the lesion were found in 71.4% of our patients and a hypoechoic rim at the boundary of the lesion in 50.0%; the former represents the presence of air within the lesion, suggesting a connection with the aerodigestive tract, and the latter represents the striatal layer of the lesion on a cross-sectional view. We considered that coexistence of internal hyperechoic foci or echogenic lines and hypoechoic rim at the boundary of the lesion has high diagnostic value. Indeed, the only lesions that have these findings concurrently around the thyroid gland are an esophageal diverticulum, a bronchogenic cyst, and a pyriform sinus fistula.
14-17 An esophageal diverticulum usually develops in older patients, and neither an esophageal diverticulum nor a bronchogenic cyst causes suppurative thyroiditis. Therefore, a thyroid or perithyroid lesion that has internal hyperechoic foci or echogenic lines and a hypoechoic rim at the boundary of the lesion is highly suspicious for an infected pyriform sinus fistula in a young patient with suppurative thyroiditis. If these features are seen on US, the surgeon can perform a suspension laryngoscopic examination to confirm and treat the fistula without additional imaging studies. However, internal hyperechoic foci can be detected in other types of lesions with microcalcification, as can a hypoechoic rim at the boundary of any lesion that has a fibrotic capsule, so internal hyperechoic foci alone or a hypoechoic rim at the boundary of the lesion alone cannot confirm the presence of a pyriform sinus fistula. Nevertheless, these findings suggest that a pyriform sinus fistula should be considered in the differential diagnosis.
In addition to an esophageal diverticulum and a bronchogenic cyst, US findings for a pyriform sinus fistula involving the thyroid gland could be misdiagnosed as a thyroid nodule. A pyriform sinus fistula can mimic the microcalcification of papillary thyroid carcinoma, particularly in cases with multiple hyperechoic foci. However, when typical symptoms of an infected pyriform sinus fistula are present, such as painful neck swelling and odynophagia, real-time US findings of a change in the shape of the lesion and movement of hyperechoic foci in response to compression or during swallowing facilitate differentiation of a pyriform sinus fistula from a thyroid disorder.
Because the fistula starts from the pyriform sinus within the hypopharynx, and the pyriform sinus is covered with thyroid cartilage externally, the exit site of a pyriform sinus fistula outward to the neck would be on the posterolateral aspect of the thyroid cartilage or cricothyroid membrane. In this study, we found a hypoechoic lesion indicating an abscess emerging from the posterolateral aspect of the thyroid cartilage in 28.6% of cases. Previous studies of the imaging findings for pyriform sinus fistulas have reported that US is less useful for diagnosis of this entity because of its limited ability to evaluate a laryngohypopharyngeal lesion. However, a pyriform sinus fistula is not a lesion limited to being within the hypopharynx but is an abnormal communication between the hypopharynx and the neck space, so US can depict the extrahypopharyngeal portion of a pyriform sinus fistula just as well as CT. 7, 12 In our study, we found that images obtained by US were consistent with those acquired by CT in patients with pyriform sinus fistulas.
However, the appearance of a pyriform sinus fistula on US could vary according to the disease stage, the severity of concurrent inflammation, and whether an abscess is present. In a patient with an extensive and acutely inflamed abscess, US characteristics suggesting an underlying pyriform sinus fistula could be easily overlooked or masked by those of inflammation. However, despite this limitation, US can be performed repeatedly and serially without concerns regarding radiation exposure or cost during management of a superimposed infection, so the US characteristics of pyriform sinus fistulas described here could be detected on follow-up US examinations.
Magnetic resonance imaging would be a good method for evaluating soft tissue lesions of the neck and has the advantage of being nonradiating. However, it is not considered a first-line imaging modality for evaluation of inflammatory lesions of the neck, particularly in pediatric patients. Indeed, there have been only 2 studies in which magnetic resonance imaging was used in patients with pyriform sinus fistulas. 7, 18 These studies together included only 5 patients. Furthermore, the value of magnetic resonance imaging in diagnosis of pyriform sinus fistulas in these studies was questionable because the conspicuity of air is less than on CT, and the ability to distinguish air from a vascular signal void is limited. Moreover, because of the longer scanning time required for magnetic resonance imaging and the associated motion artifact, obtaining good image quality in pediatric patients is more difficult than when using US or CT.
This study had several limitations. First, the retrospective study design meant that only static US images were available for review in some patients, which might have affected our results. Second, the study only focused on US features suggestive of an underlying pyriform sinus fistula, and the US images were not reviewed by blinded observers working independently of each other, so the interobserver reliability and diagnostic sensitivity of these US features were not evaluated. Multicenter studies that include larger numbers of patients are now needed to determine the true diagnostic benefits of the US findings identified in this study. Third, although the sample size in this study was larger than that in similar reports, the total number of patients was only 14. Therefore, we could not perform any statistical subgroup analysis in terms of demographics, clinical presentation, or US findings.
In conclusion, the presence of a hypoechoic tubular lesion across the thyroid gland, hyperechoic foci or echogenic lines with the lesion, a hypoechoic rim at the boundary of the lesion, and a lesion emerging from the posterolateral aspect of the thyroid cartilage on US may be indicative of an underlying pyriform sinus fistula in patients with suppurative thyroiditis or a thyroid nodule. Although the findings of this study are limited by the small sample size, attention to the US findings presented in this article should allow US to be a potential first-line diagnostic tool for pyriform sinus fistulas.
